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_________________________________________________________________________________ 
ABSTRACT— In a fermentation process, the amount and appropriate timing of feeding nutrient are very essential 
parameters for achieving efficiency and productivity. In this study, we propose an on-oﬀ  strategy of feeding glucose 
for the yeast cell and apply an optimal control theory to ﬁnd an optimal feeding rate and feeding time to produce a 
high ethanol production. Using a gradient-based method we solve an optimization problem subjected to a state system 
constrain and an inequality stability constrain. We ﬁnd the following feeding strategies: for feeding with shorter delay 
requires lower glucose supply whereas for longer one it requires higher supply. 
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1. INTRODUCTION 
Production of biofuel for industrial purposes has currently been the subject of much attention in biotechnology 
industry. Ethanol is one of biotechnology products which is used primarily as an alternative source to petroleum-based 
fuels [1]. It is obtained by anaerobic fermentation of sugar-based feedstock as the raw materials by an appropriate 
microorganism [2, 3]. In recent year, research on improving ethanol production has become a challenge especially to 
identify the bottlenecks that limit industrial processes and to develop attractive high ethanol performance processes. 
Since the cost-eﬀ ective production of ethanol becomes the main goal in identifying the bottlenecks, an eﬀ ective 
cultivation method should be developed to generate reactions with high productivity and yield [4]. 
Many mathematical models have been developed to describe fermentation processes. They consist of unstructured 
models and structured models which qualitatively incorporate some basic mechanisms of cellular behavior [1, 5, 6]. 
These models are developed mainly for describing the qualitative behavior of the metabolic system as well as to support 
an optimal fermentation design. 
In the fermentation system, feeding strategy of the raw material is one of the main features since it directly aﬀ ects the 
effciency of ethanol production. Substrate-feeding to the growth medium becomes an external control which has an 
important role in the system. At a low substrate concentration, degradation of glucose is oxidative which leads to lower 
ethanol production. On the other hand, overfeeding of glucose accelerateS the production of ethanol that simultaneously 
affects the growth of the yeast cell. This phenomenon is called overﬂow metabolism [7, 8]. This is a consequence of a 
saturated oxidative capacity on the level of pyruvate. This metabolic behavior indicates that diﬀ erent substrate-feeding 
strategies generate diﬀ erent rate of product formation. Therefore an eﬃcient method of feeding nutrients and appropriate 
time of feeding are very essential parameters for achieving high productivity in the fermentation process. Based on these 
facts we consider a kinetic model of fermentation reaction to identify an optimal feeding strategy to obtain high ethanol 
productivity. Since we focus to model the kinetic reaction of a single yeast cell metabolic system, growth inhibition of 
the cell is not taken into consideration. The kinetic model is derived based on the stoichiometry of biochemical reactions 
in the central metabolism pathway of a single yeast cell providing the basis of structured modeling. In the previous study 
(see [9]), we have modeled the feeding process as a continuous process. In the present study we extend our investigation 
by considering the feeding process as an on-off process, i.e. a combination between zero and non-zero (continuous) 
